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Amendments to the Claims: 

This listing of claims replaces all prior versions and listings of claims in the application: 
Listing of Claims : 

1. (currently amended) A method of distributing power from an input source to a load, 
where the load may vary over a normal operating range, comprising: 

using a first regulator module having an RM input and an RM output and being a self- 
contained assembly adapted to be installed as a unit at a first location to convert power from the 
input source at a source voltage, V S0U rce, and deliver a controlled DC voltage, V>, to a factorized 
bus; 

using th e factorized bus to carry pow e r from the first regulator to a remot e location 
se parat e d by a distanc e from th e first location; 

using a voltage transformation module ("VTM") having a VTM input and a VTM output 
and being a self-contained assembly adapted to be installed as a unit at the ajemote location to 
convert power, via a transformer, from the factorized bus at an a VTM input voltage Vi n , 
e ssentially e qual to th e voltag e d e liv e red to th e bus, V # to deliver a DC VTM output voltage, 
Vmi s at an output current, L m t, the VTM having an essentially constant voltage gain, K, an output 
resistance, Rn n t, and a transfer function essentially equal to Vn n t = K (V^) - Rn nt_(Iont); and 

using in the VTM an e ss e ntially constant voltage gain, K = V^W^m, at a load curr e nt; 

wh e r e in th e VTM has an output r e sistanc e , R^ t-and 

wherein the load is supplied with a voltage, Vi oa d, essentially equal to the VTM output 
voltage of th e VTM , V ou t> and the VTM output voltage, Vnnt, w hteh is regulated by the first 
regulator using controlling the factorized bus voltage, Vf . 

2. (currently amended) A m e thod of distributing power from an input sourc e to a load, 
wh e r e the load may vary ov e r a normal op e rating range, The method of claim 1 further 
comprising: 
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using a first r e gulator at a first location to conv e rt power from th e input sourc e at a sourc e 
voltag e , V setree , and d e liv e r a controll e d DC voltage, V& to a factoriz e d bus; 

using the factoriz e d bus to carry pow e r from th e first r e gulator to a remot e location 
s e parat e d by a distanc e from th e first location; 

using a voltag e transformation modul e ("VTM") at th e r e mot e location to convert power 
from th e factoriz e d bus and d e liv e r a load voltage, Vj ead , th e VTM having an input for r e c e iving 
an input voltag e , V^, e ss e ntially e qual to th e voltag e d e liv e r e d to th e bus, V>, and an output for 
d e liv e ring an output voltag e , V^, e ss e ntially e qual to th e load voltag e , V^, and an output 
r e sistanc e , R^ t 

using a transformer in th e pow e r train of th e VTM; 

using in th e VTM an e ss e ntially constant voltage gain, K ~ W^-fA^^ at a load curr e nt; 

using in the VTM having two or more power switches arranged in a bipolar drive circuit 
to drive the transformer and using a power conversion duty cycle greater than 80% to transfer 
power between the VTM input and the VTM output via the transformer . 

3. (currently amended) The method of claim 1 A m e thod of distributing power from an 
input sourc e to a load, wh e re th e load may vary ov e r a normal op e rating rang e , comprising: 

using a first r e gulator at a first location to convert power from th e input sourc e at a sourc e 
voltag e , V sewee , and d e liv e r a controll e d DC voltag e , V f , to a factoriz e d bus; 

using th e factoriz e d bus to carry pow e r from th e first r e gulator to a remot e location 
s e parat e d by a distance from the first location; 

using a voltag e transformation module ("VTM") at th e r e mot e location to conv e rt power 
from th e factoriz e d bus and d e liv e r a load voltag e , V ^? 

wherein the VTM having includes two or more primary switches arranged in a bipolar 
drive circuit connected to drive a the transforme r; and further comprising 

, an input for r e c e iving an input voltag e , V^, ess e ntially equal to th e bus voltag e , V^-and 
an output for d e liv e ring an output voltage, Ve m , e ssentially e qual to th e load voltage, V^; and 

operating the primary switches in a series of converter operating cycles, each converter 
operating cycle characterized by 



r 
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(a) two power transfer intervals of essentially equal duration, during which one or more 
of the primary switches are ON and power is transferred from the input to the output via 
the transformer, and 

(b) two energy-recycling intervals during which the primary switches are OFFf 
wh e rein th e load voltag e , V^ aa , is r e gulat e d by th e first r e gulator using the factoriz e d bu s. 

4. (currently amended) A method of providing a increasing p ower density great e r than 
200 Watts/cubic inch in point-of-load converters for e ffici e ntly supplying a regulated DC 
voltage, Vioad, to a load, where the load may vary over a normal operating range, from an input 
source, the method comprising: 

factorizing away from the point-of-load a power-conversion function of voltage 
regulatio n, wherein the factorizing comprises installing by using a first regulato r module having 
an RM input and an RM output and being a self-contained assembly adapted to be installed as a 
unit, and using the first regulator module to convert power from the input source to a controlled 
voltage, Vf, delivered to a factorized bus; 

localizing at the point-of-load a function of DC voltage transformation wherein the 
localizing comprises by installing a voltage transformation module ("VTM") at the point-of-load, 
the VTM having a VTM input and a VTM output and being a self-contained assembly adapted to 
be installed as a unit, and using the VTM to converting the factorized bus voltage at the point-of- 
load, V in , to an output voltage, V out , essentially equal to Vi oad , with a voltag e transformation 
modulo ("VTM") ; and 

adapting the VTM to operat e at or abov e 500 KHz, to convert power via a transformer, 
and to provide an essentially constant DC voltage gain, K^A^-^**? at a load curr e nt, and an 
output resistance, Rn^, to deliver a VTM output voltage, V ou ta at an output current, L n t, the VTM 
having a transfer function essentially equal to V nn t = K (V i n) - R^(W) ; and 

regulating th e load voltag e , Vioad, by controlling the voltage of the factorized bus, Vf. 

5. (currently amended) The method of claim 1 wherein the using a VTM comprises: A 
m e thod for providing scalabl e e l e ctric pow e r conv e rsion capability in which pow e r is conv e rt e d 
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from an input sourc e and deliv e red to a load at a r e gulated DC output voltag e , wh e r e th e load 
may vary ov e r a normal operating range, th e m e thod comprising: 

using a first r e gulator to conv e rt pow e r from th e input source at a sourc e voltag e , 
to a controll e d DC voltag e , V#, deliv e r e d to a factoriz e d bus; 

op e rating two using two or more of the VTMs voltag e transformation modules ("VTMs), 
e ach VTM comprising a transformer and an output r e sistanc e each having the same voltage 
gain K, their respective inputs connected in parallel and their respective outputs connected in 
parallel to supply the load conv e rt pow e r, via th e transform e rs, from an input voltag e , 
ess e ntially e qual to th e factoriz e d bus voltag e , Vf, to a DC output voltag e , Ve ^; 

using an e ss e ntially constant voltag e gain, K = V ot^A^ , at a load curr e nt, in e ach of th e 

VTMs; 

wherein the power provided to the load is shared by each respective VTM in inverse 
proportion to the output resistance by of each respective VTM of th e VTMs ; and 

the output voltage provided to the load, Vi oa d, is essentially equal to the output voltage of 
e ach of th e VTMs, the factorized bus voltage, Vf multiplied by K, and is regulated by the 
first regulator using the factorized bus voltage, Vf . 

6. (original) The method of claim 1 further comprising 

controlling the controlled bus voltage, V f , using a feedback signal derived from the load 
voltage, Vi oa d. 

7. (original) The method of claim 1 further comprising using the VTM transformer to 
galvanically isolate the load from the factorized bus. 

8. (original) The method of claim 1 further comprising a plurality of VTMs connected to 
the factorized bus. 

9. (original) The method of claim 1 further comprising a plurality of VTMs connected to 
the factorized bus and operating in parallel to share the power delivered to the load. 

10. (original) The method of claim 9 wherein the VTMs are distributed over a 
multiplicity of locations. 

1 1 . (original) The method of claim 1 further comprising 
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programming the load voltage, Vi oa d> to a selected value by using a feedback signal to control the 
factorized bus voltage, Vf. 

12. (original) The method of claim 1 further comprising 

using an output switch in series with the output of the VTM to selectively connect the 
VTM to the load; and 

operating the output switch to protect the load from a fault within the VTM; 
wherein the load voltage is protected from VTM faults. 

13. (original) The method of claim 1 further comprising 

using an input switch in series with the input of the VTM to selectively connect the VTM 
to the factorized bus; and 

operating the input switch to protect the factorized bus from a fault within the VTM; 
wherein the factorized bus voltage is protected from VTM faults. 

14. (original) The method of claim 1 further comprising 

using an input device in series with the input of the VTM to selectively connect the VTM 
to the factorized bus; and 

operating the input device to limit the voltage applied to the VTM; 
wherein the VTM is protected from the factorized bus voltage. 

15. (currently amended) The method of claim 1 further comprising: 

using a front end converter at a first location to convert power from the input source and deliver 
a DC voltage, V buS5 to a first bus; 

using a power regulator module ("PRM") at a second location , separated from th e first 
location by a distanc e , to convert the DC voltage from the first bus and deliver the controlled DC 
voltage, V f , to the factorized bus; 

wherein the first regulator comprises the front end converter and the PRM. 

16. (original) The method of claim 15 further comprising 

controlling the PRM to adjust the factorized bus voltage, V f , by using a feedback signal derived 
from the load voltage, Vi oa d. 
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17. (original) The method of claim 3 wherein the VTM uses a power conversion duty 
cycle greater than 80 per cent over the normal operating range. 

18. (currently amended) A method of distributing electrical power in a vehicle 
comprising^ 

th e m e thod of claim 1 wh e rein: 

using a t he first regulator is located at a first location near a source of power in the 
vehicle to convert power from the source at a source voltage, Vs nnr< g, and deliver, at an output of 
the first regulator, a controlled DC voltage, Vf, to a factorized bus ; 

using the factorized bus to_distributes the controlled DC voltage, V f , to a plurality of 
locations throughout the vehicle; 

using a plurality of voltage transformation modules ("VTM s") VTMs ar e distributed 
throughout the vehicle to provide power to loads distributed throughout the vehicle; 

each VTM having a VTM input and a VTM output, each VTM being a self-contained 
assembly adapted to be installed as a unit at a remote location to convert power, via a 
transformer, from the factorized bus at a VTM input voltage V in , to deliver a VTM output 
voltage, V nn t, at an output current, Inm, and each VTM having an essentially constant voltage 
gain, K, an output resistance, R^, and a transfer function essentially equal to V nn t = K (Vj n ) - 

Routjloutii 

wherein each load is supplied with a respective voltage, V i ^, essentially equal to the 
respective VTM output voltage, V n^. 

19. (currently amended) Apparatus for distributing power from an input source to a 
load, where the load may vary over a normal operating range, comprising: 

a first regulator module at a fir s t location having a first input and a first output and being 
a self-contained assembly adapted to be installed as a unit at a first location an d , th e first 
r e gulator module having circuitry adapted to convert power received from the input source via 
the first input at a source voltage, V S0U rce> and deliver a controlled DC voltage, Vf, to the first 
output; 
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a factorized bus connected to the first output of the first regulator and extending to a 
remote location separat e d by a distance from the first location ; and 

a voltage transformation module ("VTM") having a VTM input and a VTM output and 
being a self-contained assembly adapted to be installed as a unit at the remote location and 
having circuitry, including a transformer, adapted to convert power from the factorized bus at a 
VTM a n input voltage, V in , essentially equal to the voltage d e livered to the bus, V fi to deliver a 
DG VTM output voltage, V„,, t. at an output current, L „ *. the VTM having an essentially constant 
voltage gain, K, an output resistance, Rm , t - and a transfer function esse ntially equal to Vn„t = K 
(Via) - Roujflout); 

the VTM having an essentially constant voltage gain, K A = V^-A^, at a load curr e nt and 
having an output r e sistanc e , R^ ; 

wherein the load is supplied with a voltage, Vi oa d, essentially equal to the VTM output 
voltage, Vout, and the VTM output voltage, V„nt is regulated b v controlling the first regulator 
using the factorized bus voltage, Vf . 

20. (currently amended) The apparatus of claim 19 wherein: A pparatus for distributing 
power from an input source to a load, wh e r e the load may vary ov e r a normal operating rang e , 
comprising: 

a first r e gulator at a first location having a first input and a first output, th e first r e gulator 
having circuitry adapted to convert power from th e input source at a source voltag e , Vse^^-and 
deliv e r a controlled DC voltage, V#, to the first output; 

a factorized bus conn e ct e d to the first output of the first r e gulator and extending to a 
remote location s e parated by a distanc e from th e first location; 

a voltage transformation modulo ("VTM") at the remote location having circuitry, 
including a transformer, adapted to conv e rt power from th e factorized bus and deliver a load 
voltage, Vi ea d, the VTM having an input for receiving an input voltage, V «» , e ssentially e qual to 
the voltag e d e liver e d to the bus, an output for deliv e ring an output voltag e , V^, essentially e qual 
to the load voltag e , V^, an essentially constant voltage gain, K = Y^ -f^ m-, at a load curr e nt, 
and an output r e sistanc e , Ro^t 
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the VTM further comprises comprising two or more power switches arranged in a bipolar 
drive circuit to drive the transformer and a power conversion duty cycle greater than 80% to 
transfer power from the VTM input to the VTM output via the transformer over the normal 
operating range. 

21. (currently amended) The apparatus of claim 19 wherein the VTM further comprises: 
Apparatus for distributing pow e r from an input sourc e to a load, wher e th e load may vary ov e r a 
normal op e rating rang e , comprising: 

a first r e gulator at a first location having a first input and a first output, th e first regulator 
having circuitry adapted to convert power from the input source at a source voltag e , Vso^^-and 
d e liv e r a controll e d DC voltag e , V& to th e first output; 

a factoriz e d bus conn e ct e d to th e first output of th e first regulator and e xt e nding to a 
r e mot e location s e parat e d by a distanc e from th e first location; 

a voltag e transformation modul e ("VTM") at th e r e mote location and having an input for 
r e c e iving a DC input voltag e , V^, e ss e ntially e qual to th e voltag e d e liv e r e d to th e bus, V^ 

two or more primary switches arranged in a bipolar drive circuit connected to drive a 
transformer with power received from the VTM input , an output for d e liv e ring a DC output 
voltag e , Ve trt * an output r e sistanc e , i_and 

a switch controller adapted to operate the primary switches in a series of converter 
operating cycles, each converter operating cycle characterized by 

(a) two power transfer intervals of essentially equal duration, during which one or more 
of the primary switches are ON and power is transferred from the VTM input to the VTM 
output via the transformer, and 

(b) two energy-recycling intervals during which the primary switches are OFFf 
wh e r e in th e load is suppli e d with a voltag e , V ^a d, e ss e ntially equal to th e output voltag e , 
¥e *, and regulat e d by th e first regulator using th e factoriz e d bus . 



22. (currently amended) Apparatus for converting power at a point-of-load from a 
factorized bus driven by a source of controlled DC voltage, V f , for delivering a regulated DC 
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voltage, Vioad, to a load where the load may vary over a normal operating range, the apparatus 
comprising: 

a voltage transformation module ("VTM") having an enclosur e for housing power 
conversion circuitry, an input terminal, and an output terminal and being a self-contained 
assembly adapted to be installed as a unit at the point-of-load ; 
the power conversion circuitry comprising: 

an input connected to the input terminal and adapted to receive a DC input voltage, V in , 

from the factorized bus essentially e qual to V> ; 

an output connected to the output terminal and adapted to deliver a DC output voltage, 
V out , essentially equal to Vi™h . at an output current, Lnt : 
a transformer; 

two or more primary switches arranged in a bipolar drive circuit connected to drive the 
transformer with power received from the input; and 

a controller adapted to operate the primary switches in a series of converter operating 
cycles, each converter operating cycle characterized by 

(a) two power transfer intervals of essentially equal duration during which one or 
more of the primary switches are ON and power is transferred from the input to 
the output via the transformer, and 

(b) two energy-recycling intervals during which the primary switches are OFF; 

CtXXvX 

(c) a period less than 2 micro s e conds; 

wherein the VTM has a pow e r d e nsity gr e ater than 250 Watts/cubic inch, an essentially 
constant DC voltage gain, K A =-¥^4^ ^, at a load curr e nt, and an output resistance, Rout, and a 
transfer function essentially equal to V n,, t = K (Vin) - Rout (Io„t) rogulatoG the load voltage, V ^^as 
a fraction, K, of th e factoriz e d bus voltag e , V #. 

23. (currently amended) Apparatus for providing scalable electric power conversion 
capability in which power is converted from a factorized bus driven by a voltage source of 
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controlled DC voltage, Vf, and delivered to a load at a regulated DC output voltage, Vi oa d> where 
the load may vary over a normal operating range, the apparatus comprising: 

two or more voltage transformation modules ("VTMs") conn e ct e d in parall e l, each VTM 

having 

(a) an input adapted to receive a DC input voltage, Vi n , from the factorized bus e ss e ntially 
e qual to V# ; 

(b) an output adapted to deliver an output voltage, V ou t 5 essentially equal to Vi oa d; 

(c) a transformer; 

(d) two or more primary switches arranged in a bipolar drive circuit connected to drive 
the transformer with power received from the input; and 

(e) a controller operating the primary switches in a series of converter operating cycles; 

(f) an essentially constant voltage gain K ^^e^A^ at a load current ; and 

(g) an output resistance, Ro Ut ; 

wherein each VTM is a self-contained assembly adapted to be installed as a unit; 

wherein the outputs of the two or more VTMs are connected in parallel; and 

wherein the power delivered to the load is shared by each VTM connected in parallel in 
inverse proportion to the output resistance of each VTM^-and 

th e output voltag e suppli e d to th e load, V ^ , is e ss e ntially equal to th e output voltag e , 
Vet rt, of e ach of th e VTMs and is r e gulated by the factoriz e d bus voltag e V^ 

24. (original) The apparatus of claim 19 further comprising a feedback controller for 
adjusting the voltage, V f , of the factorized bus using a feedback signal derived from the load 
voltage, V^d. 

25. (original) The apparatus of claim 19 wherein the VTM further comprises galvanic 
isolation from the input to the output. 

26. (original) The apparatus of claim 19 further comprising a plurality of VTMs 
connected to the factorized bus. 



Applicant : Patrizio Vinciarelli Attorney's Docket No.: 00614-136002 

Serial No. : 10/802,379 

Filed : March 17, 2004 

Page : 12 of 30 



27. (currently amended) The apparatus of claim 19 further comprising a plurality of 
VTMs , wherein the VTM inputs are connected to the factorized bus and the VTM outputs are 
connected op e rating in parallel to share the power delivered to the load. 

28. (original) The apparatus of claim 26 wherein the VTMs are distributed over a 
multiplicity of locations. 

29. (original) The apparatus of claim 19 further comprising an output controller for 
adjusting the voltage, Vf, of the factorized bus to program the load voltage, Vi oa d> to a selected 
value. 

30. (original) The apparatus of claim 19 further comprising 

an output switch connected in series between the output of the VTM and the load; and 
an output switch controller adapted to detect a normal state and a fault state of the VTM and 
operate the output switch in its ON and OFF states; 

wherein the VTM is disconnected from the load in the event of a fault state. 

31. (original) The apparatus of claim 19 further comprising 

an input switch connected in series between the input of the VTM and the load; and 

an input switch controller adapted to detect a normal state and a fault state of the VTM and 

operate the input switch in its ON and OFF states; 

wherein the VTM is disconnected from the factorized bus in the event of a fault state. 

32. (previously presented) The apparatus of claim 19 further comprising 

an input device connected in series between the input of the VTM and the load; and 

an input switch controller adapted to detect the factorized bus voltage and operate the input 

device to limit the voltage applied to the VTM; 

wherein the VTM is protected from the factorized bus voltage. 

33. (original) The apparatus of claim 22 wherein the VTM operates at a greater than 90 
per cent power conversion duty cycle over the normal operating range. 

34. (original) The apparatus of claim 19 wherein 

the first regulator further comprises a front end converter and a power regulator module 
("PRM"); 
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the front end converter being situated at a first location and having an input connected to 
receive power from the input source, having an output connected to a first bus, and being adapted 
to convert power from the input source and deliver a DC voltage to the first bus; and 

the PRM being located at a second location and having an input connected to the first 
bus, having an output connected to the factorized bus, and being adapted to convert power from 
the first bus and deliver the controlled DC voltage, Vf, to the factorized bus. 

35. (original) The apparatus of claim 30 further comprising a feedback controller for 
adjusting the voltage, Vf, of the factorized bus using a feedback signal derived from the load 
voltage, Vi oa d, and applied to the PRM. 

36. (original) The apparatus of claim 19 wherein: 

the VTM further comprises secondary switches to rectify power from the transformer; 

and 

the secondary switches are turned ON and OFF essentially at times of zero voltage. 

37. (original) The apparatus of claim 19 wherein the VTM further comprises secondary 
switches to rectify power from the transformer; and 

the secondary switches are turned ON and OFF essentially at times of zero current. 

38. (original) The apparatus of claim 19 further comprising a feedback controller for 
increasing the output resistance, Rout of the VTM using a feedback signal related to the output 
current, I ou t of the VTM. 

39. (original) The apparatus of claim 19 further comprising a feedback controller for 
decreasing the output resistance, Ro Ut of the VTM using a feedback signal related to the output 
current, I ou t of the VTM. 

40. (original) The method of claim 1 or apparatus of claim 19 wherein the first regulator 
comprises a buck-boost switching regulator. 

41. (original) The method of claim 1 or apparatus of claim 19 wherein the first regulator 
comprises a buck-boost ZVS regulator. 

42. (original) The method of claim 15 or apparatus of claim 34 wherein the PRM 
comprises a buck-boost switching regulator. 
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43. (original) The method of claim 15 or apparatus of claim 34 wherein the PRM 
comprises a buck-boost ZVS regulator. 

44. (previously presented) The method of claim 1 further comprising providing a load 
assembly, wherein the remote location and the load are located within the load assembly and the 
first location is located outside of the load assembly. 

45. (previously presented) The method of claim 4 further comprising providing a load 
assembly, wherein the load and the VTM are located within the load assembly and the first 
regulator is located outside of the load assembly. 

46. (previously presented) The method of claim 5 further comprising providing a load 
assembly, wherein the load and the two or more VTMs are located within the load assembly and 
the first regulator is located outside of the load assembly. 

Please cancel claims 47-54 without prejudice. 

47-54. (cancelled). 

55. (previously presented) The method of claim 44 wherein the load assembly comprises 
a printed circuit board ("PCB"), the remote location is on the PCB, and the VTM is mounted to 
the PCB. 

56. (previously presented) The method of claim 45 wherein the load assembly comprises 
a printed circuit board ("PCB") and the VTM is mounted to the PCB. 

57. (previously presented) The method of claim 46 wherein the load assembly comprises 
a printed circuit board ("PCB") and the two or more VTMs are mounted to the PCB. 

58. (previously presented) The method of claim 1 further comprising providing a 
subassembly wherein the first regulator is located within the subassembly and the VTM is 
mounted outside of the subassembly. 

59. (previously presented) The method of claim 5 further comprising providing a 
subassembly, wherein the first regulator is located within the subassembly and the two or more 
VTMs are mounted outside of the subassembly. 
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60. (previously presented) The method of claim 1 further comprising providing a first 
subassembly and a load subassembly, wherein the first regulator is located within the first 
subassembly, the load and the VTM are located within the load subassembly, and the first 
subassembly is separate from the load subassembly. 

61. (previously presented) The method of claim 5 further comprising providing a first 
subassembly and a load subassembly, wherein the first regulator is located within the first 
subassembly, the load and the two or more VTMs are located within the load subassembly, and 
the first subassembly is separate from the load subassembly. 

Please cancel claims 62-65 without prejudice. 
62-65. (cancelled). 

66. (previously presented) The apparatus of claim 19 further comprising a load assembly, 
wherein the VTM and the load are mounted within the load assembly and the first regulator is 
mounted outside of the load assembly. 

67. (previously presented) The apparatus of claim 66 wherein the load assembly further 
comprises a printed circuit board ("PCB") and the VTM is mounted to the PCB. 

Please cancel claims 68-70 without prejudice. 
68-70. (cancelled) 

71. (previously presented) The apparatus of claim 19 wherein the first regulator is 
mounted to a subassembly and the VTM is mounted outside of the subassembly. 

72. (previously presented) The apparatus of claim 19 wherein the first regulator is 
mounted to a first subassembly, the load and the VTM are mounted to a load subassembly, and 
the first subassembly is separate from the load subassembly. 

Please cancel claims 73-74 without prejudice. 
73-74. (cancelled). 

75. (previously presented) The apparatus of claim 22 wherein the power conversion 
circuitry comprises exactly one transformer for converting power from the input for delivery to 
the output. 
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76. (currently amended) A method of increasing circuit density in an electronic system 
comprising: 

distributing power to a load assembly at a DC voltage, Vf, that is N times a voltage, Vi oa d, 
required by load circuitry on the load assembly; 

providing avoltage transformation module ("VTM") having an input for receiving the 
DC voltage, Vf and an output for delivering the voltage, Vwu the VTM being a self contained 
assembly adapted to be installed as a unit on the load assembl y and providing voltage 
transformation from the input to the output at an essentially constant voltage gain, K= 1/N, using 
a power transformer excited by a bipolar drive circuit; 

mounting the VTM on the load assembly and using the VTM to supply power to the load 
circuitry using a pow e r transform e r e xcit e d by a bipolar driv e circuit ; and 

packaging th e voltag e transformation in a VTM packag e ; 

providing voltage control of the DC voltage, Vf external to the VTM to regulate V wit 

U1IU 

packaging th e voltag e control physically s e parat e from the VTM packag e. 

77. (previously presented) The method of claim 76 further comprising enhancing the 
power density of the voltage transformation by using a power conversion duty cycle greater than 
80%, and balanced switching cycles. 

78. (previously presented) The method of claim 76 wherein the VTM package comprises 
a height less than or equal to 0.2 inches. 

79. (previously presented) The method of claim 76 wherein the VTM package is 
overmolded. 

80. (previously presented) The method of claim 76 wherein N is greater than 10. 
Please cancel claim 81 without prejudice. 

81. (cancelled). 

82. (currently amended) The method of claim 81 furth e r I wherein N is gr e at e r K is less 
than or equal to 1/ 10. 
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83. (currently amended) The method of claim S4- l_further comprising providing a low 
profile printed circuit board ("PCB") assembly including the load circuit and the VTM package . 

84. (currently amended) The method of claim &± 1, 2, 3, 4, 5, or 18 wherein the VTM 
packag e comprises an overmolded package. 

85. (currently amended) A method of distributing power to a plurality of loads each 
having a respective DC voltage level and tolerance requirements, comprising: 

providing a plurality of voltage transformation modules ("VTMs") at points of load, each 
VTM being a self-contained assembly adapted to be installed as an individual unit, to receive 
power via a respective VTM input at a VTM input voltage, V i n, to deliver power via a respective 
VTM output at a VTM output voltage, Vn^, at an output current, I nn t, to a respective load, and to 
provide galvanic isolation and DC voltage transformation between the respective VTM input and 
the respective VTM output, each VTM having a transfer function essentially equal to Vo n t = K 
(V m ) - Rn nj_(Li t) wherein K is an essentially constant voltage gain and Rn^ is an output 
resistance; 

unifying power distribution requirements using the respective voltage gain of each a 
plurality of VTMs to transform the respective DC voltage level requirements of the respective 
load into a common voltage level; 

distributing power at essentially the common voltage level to the VTMs inputs for 
delivery to the respective loads; and 

controlling the unifi e d common voltage to satisfy the DC voltage tolerances requirements 
of the plurality of loads. 

86. (currently amended) A method of distributing power in a system comprising: 
providing a first point-of-load ("POL") converte r, the first POL converter being a self- 
contained assembly adapted to be installed as an individual unit, to receive power via a first POL 
input at a DC input voltage, V j ^ to deliver power via a first POL output at a DC output voltage, 
Youti^to convert power received from a bus over a normal operating input voltage range for 
delivery to a first load at a first load voltage; 
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e nhancing a pow e r d e nsity of th e first POL convert e r by optimizing th e first POL 
conv e rter for a pr e d e t e rmin e d fix e d input voltag e , providing the first POL converter with a 
transfer function essentially equal to = Kl (V j n) - Rpyti flnmi ) wherein Kl is a fixed voltage 
gain, Rqnt i is an output resistance of the first POL converter, and In nn is the output current of the 
first POL converter, Kl = V^wo/Vm? and using a bipolar drive circuit with balanced switch cycles 
to drive a power transformer using a power conversion duty cycle greater than 80%; 

selecting a the voltage gain Kl for the first POL converter to deliver the first load voltage 
from a first bus voltage; and 

controlling the first bus voltage to satisfy a voltage tolerance set by the first load. 

87. (currently amended) The method of claim 86 further comprising: 
providing a second POL converte r, the second POL converter being a self-contained 

assembly adapted to be installed as an individual unit, to receive power via a second POL input 
at a DC input voltage, Vjn, to deliver power via a second POL output at a DC output voltage, 
V 0 ut2 3 . to convert power received from the bus over a normal operating input voltage range for 
delivery to a second load at a second load voltage; 

e nhancing a pow e r d e nsity of th e s e cond POL conv e rt e r by optimizing th e s e cond POL 
conv e rt e r for a pr e d e t e rmin e d fix e d input voltag e , providing the second POL converter witha 
transfer function essentially equal to V nnt? = K2 (V i n) - Rn nt^dnnt? ) wherein K2 is a fixed voltage 
gain, RnnM is an output resistance of the second POL converter, and I n ^ is the output current of 
the second POL converter, K2 = Ve^^A^ and using a bipolar drive circuit with balanced switch 
cycles to drive a power transformer using a power conversion duty cycle greater than 80%; and 

selecting a the voltage gain, K2, for the second POL converter to deliver the second load 
voltage from the first bus voltage. 

88. (previously presented) The method of claim 86 wherein 

the first POL converter comprises a plurality of POL converters, 

the first load comprises a plurality of loads, 

the first load voltage comprises a plurality of load voltages; and 
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the selecting a voltage gain comprises selecting respective voltage gains for each of the 
plurality of POL converters to unify voltage requirements on the first bus. 

89. (currently amended) The method of claim 1 further comprising: A m e thod of 
distributing pow e r from an input sourc e to a load on a load ass e mbly, wh e re th e load may vary 
over a normal op e rating rang e , comprising: 

using a first r e gulator to conv e rt pow e r from th e input sourc e at a sourc e voltag e , V sewee? 
and d e liver a controll e d DC voltag e , V& to a factoriz e d bus; 

using a load subassembly to support the load and the VTM; 

using the factorized bus to carry power from the RM output first r e gulator to the VTM 
input of a voltag e transformation modul e ("VTM") on the load assembl y, wh e r e in th e first 
r e gulator is s e parat e d by a distanc e from th e VTM ; 

usmg-wherein_the VTM comprises to conv e rt pow e r from th e factoriz e d bus at an input 
voltage, Vm, ess e ntially e qual to th e voltag e d e liv e r e d to th e bus, V& to a DC output voltage, V^ 
viaL at l e ast on e transform e r and using two switches connected to drive the transformer in th e 
VTM , the two switches being turned on alternately during alternating non-overlapping time 
periods during which power is transferred from between t he VTM input of th e VTM to an and 
the VTM output of th e VTM via the transformer; and 

using in th e VTM an e ss e ntially constant voltag e gain, K ~ Ve m-A^ , at a load curr e nt; 

Qnu 

wherein th e load is suppli e d with a voltag e , V^, ess e ntially e qual to the output voltage 
of the VTM, V 0 ut, which is regulated by the first regulator using the factorized bus. 

Please cancel claim 90 without prejudice. 

90. (cancelled). 

91. (currently amended) The method of claim 1 further comprising: A method of 
distributing pow e r from an input sourc e to a load, wher e the load may vary ov e r a normal 
operating rang e , comprising: 
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using a first r e gulator to conv e rt pow e r from th e input sourc e at a source voltag e , Vsewee? 
and deliv e r a controll e d DC voltag e , to a factoriz e d bus; 

using the factorized bus to carry power from the RM output first r e gulator to the VTM 
input of a voltage transformation modul e ("VTM") ; and 

using th e VTM to conv e rt pow e r, via a transform e r, from th e factoriz e d bus at an input 
voltag e , Vm, essentially equal to th e voltag e d e liv e r e d to th e bus, V ? , to a DC output voltag e , V ^ 
using an e ss e ntially constant voltage gain, K = V^-^m, at a load curr e nt and 

wherein the VTM comprises an e ss e ntially r e sistiv e output impedance which is 
essentially resistive over a bandwidth approaching an operating frequency of the VTMf 

wh e r e in th e load is suppli e d with a voltag e , V^ a d* e ss e ntially e qual to th e output voltag e 
of the VTM, V^, which is r e gulat e d by th e first r e gulator using th e factoriz e d bus; and 

wh e rein th e VTM is e nclos e d in a packag e that e xclud e s th e first r e gulator . 

Please add the following new claims: 

92. (New) A method of distributing power in electronic equipment comprising 
receiving power from an input source over a normal input operating range of voltages 

including a minimum input voltage and a maximum input voltage; 

converting power received from the input source for delivery to load circuitry, wherein 

the converting power comprises a first power processing stage and a second power processing 

stage, the second power processing stage receiving power processed by the first power 

processing stage; 

the first power processing stage being provided in a first self-contained module assembly 
adapted to be installed as an individual unit and adapted to receive power from the source via a 
first-module input and deliver power via a first-module output at a controlled DC voltage, Vf, 
regulated to stay within a predetermined control range, the first power processing stage providing 
voltage regulation; 

the second power processing stage being provided in a second self-contained module 
assembly adapted to be installed as an individual unit and adapted to receive power via a second- 
module input at a DC input voltage, Vj n , and deliver power to the load circuitry at a DC output 
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voltage, V ou t, at an output current, I ou t, via a second-module output using a transfer function 
essentially equal to V ou t = K (Vi n ) - Rout (lout) wherein K is an essentially constant voltage gain 
and Rout is an output resistance, the second power processing stage providing galvanic isolation 
and providing DC voltage transformation; and 

bussing the controlled DC voltage from the first module output of the first stage to the 
second module input of the second stage. 

93. (New) The method of claim 92 wherein 

the normal input operating range of voltages comprises a first tolerance expressed as a 
maximum variation in percent from a nominal input voltage value; 

the predetermined control range comprises a second tolerance expressed as a maximum 
variation in percent from a nominal value for V>; 

the load requires the load voltage to remain within a third tolerance expressed as a 
maximum variation in percent from a nominal value for Vi oa d; 

the second tolerance is less than or equal to the third tolerance; and 

the second tolerance is less than the first tolerance. 

94. (New) The method of claim 1 8 wherein the loads comprise a plurality of load 
assemblies to which a respective one or more of the plurality of VTMs is mounted and supplies 
power. 



